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Attribute mapping of variable-thickness incised valley-fill systems

Fangyu Li", Jie Qi', and Kurt Marfurt’

Abstract

Wohether we realize it or not, seismic amplitude is the com-
posite expression of multiple frequency components. Spectral
components tuned to a given thickness often exhibit a high
signal-to-noise ratio and thus provide the highest lateral reso-
lution, giving clear images of channels and other stratigraphic
features that otherwise might be buried in broadband data. For
the same reason, coherence and other edge-sensitive attributes
provide correspondingly sharper images when computed from
spectral-magnitude or voice components. Multiple stages of in-
cisement are preserved in a survey acquired over the Red Fork
Formation of the Anadarko Basin, Oklahoma. Color-blended
images of 20-, 35-, and 50-Hz spectral components and cor-
responding coherence images are used to map the valley fill at
different stages.

Introduction

The broadband seismic response of a given geologic feature
is composed of its response of its constituent spectral bands.
Through constructive and destructive interference, the result-
ing vertical and horizon slices often represent the response of
the strongest or dominant frequency corresponding to structure
and stratigraphy of given-time tuning thickness in the analy-
sis window. Spectral-decomposition methods map 1D seismic
amplitude into 2D time and frequency spectral magnitude and
phase components (Partyka et al., 1999). Analysis of a suite of
spectral components within a zone of interest often can provide
a more precise perspective of a given geologic structure.

In addition, spectral attributes of narrower-band compo-
nents can be used to identify anomalous geologic features that
otherwise are buried in the broadband seismic response. Not all
spectral components contain signal, and others might be overly

the vertical scale of the discontinuity. Li and Lu (2014) show
that coherence computed from different spectral components
can be combined to provide a qualitative measure of the scale
of geologic discontinuities such as faults, channels, caves, and
collapse features.

In this article, we apply the same workflow that Li and Lu
(2014) propose to map variations of thickness and edges to map
the different stage fills of incised-valley systems. We use a red-
green-blue (RGB) color-blending technique to integrate attri-
butes computed at different spectral components. The data vol-
ume is part of a megamerge survey from CGGVeritas over the
Anadarko Basin, Oklahoma, and incorporates a survey which
was one of the first applications of spectral decomposition inter-
preted by Peyton et al. (1998) using 36-Hz spectral component
and full-band coherence. Although our analysis of the mega-
merge survey corresponds well with the original incised-valley
interpretation, the improved data quality resulting from surface-
consistent deconvolution and statics and the larger migration
aperture results in much sharper channel images.

Data description

The study area is in the eastern part of the Anadarko Basin,
Oklahoma (Figure 1). Pennsylvanian rocks throughout most
of the Anadarko Basin are dominated by shallow-shelf marine
clastics. The target is the Red Fork Sand of the middle Pennsyl-
vanian. It lies at an approximate depth of 2680 m (~ 8800 ft) and
is composed of clastic facies deposited in a deep-marine (shale/
silt) to shallow-water fluvial-dominated environment. The Red
Fork Sandstone is sandwiched between limestone layers, with
the Pink Limestone on top and the Inola Limestone on the bot-
tom. The Oswego Limestone that lies above the Pink Limestone
and the Novi Limestone that lies below the Inola Limestone
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Figure 1. Location map of the Anadarko Basin area on a map of Oklahoma. The study survey is inside
the area marked by the red boundary. After Del Moro et al., 2013, Figure 2. Used by permission.
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Figure 2. Stratal slices through (a) seismic amplitude and (b) coher-
ence volumes through the Red Fork Formation for the megamerge
survey. Note that the edges of the incised valley are shown on the
coherence slice. Data courtesy of CGGVeritas. Used by permission.

are prominent reflectors that can be mapped readily on seismic-
amplitude data, providing an approximation to a fixed geologic
time. The Upper Red Fork incised-valley system consists of mul-
tiple stages of incision and fill, resulting in a stratigraphically
complex internal architecture.

The survey of interest was shot at various times beginning in
the mid-1990s. CGGVeritas acquired licenses for the surveys,
shot infill data in 2009 where necessary, and carefully repro-
cessed them, resulting in a megamerge survey. In addition to
more modern statics and deconvolution algorithms, the most
significant advantage of the megamerge survey is the inclusion
of a wider migration aperture, whereby previously independently
processed surveys are allowed to image steeply dipping faults and
stratigraphic edges of their neighbors (Del Moro et al., 2013).

The incised valleys are characterized by discontinuous re-
flections of varying amplitude which are difficult to interpret
laterally (Peyton et al., 1998). It is difficult to interpret the Red
Fork incised valley using traditional interpretation techniques
(autopicking horizons, amplitude mapping, and so forth). Indi-
vidual stages of fill are almost impossible to identify.
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Figure 3. Peyton et al.’s (1998) original slice with interpretation
through the 36-Hz spectral magnitude computed from the original
1995 seismic data volume. This same data volume formed part of the
megamerge shown in Figure 2.

Attribute expression on valley fill

Figure 2 displays Red Fork stratal slices through the seis-
mic amplitude and coherence volumes. Vertical slices through
the seismic amplitude provide an indication of erosion but do
not allow one to identify the various stages of valley fill. The
coherence attribute in Figure 2b was computed volumetrically
from the broadband seismic data. As expected, it images the
boundaries of the valley and some internal incisements, but the
overall internal detail is diffuse. The main reason for this lack of
detail is that coherence was computed from broadband seismic
amplitude, and thus it measures a mix of valley-fill stages in the
same image. In contrast, lateral changes in sedimentary layers
and channel incisement of a given thickness are often imaged
better near their tuning thickness.

The Red Fork incised valley can be mapped using spectral
components between about 20 and 50 Hz. Peyton et al. (1998)
chose a 36-Hz amplitude slice as the best images of the val-
ley throughout the survey area, resulting in the image shown in
Figure 3. Their coherence example represents channel features
illuminated by the dominant-frequency components.

The cartoon by Laughlin et al. (2002) in Figure 4 shows
how thicker and thinner stratigraphic features will be tuned
in at correspondingly lower- or higher-frequency components.
In practice, the interpreter animates through a suite of spectral
components and stops the animation when a particular feature
of interest is delineated well.

The same strategy should be adopted in valley-fill analysis.
Figure 5 shows the dominant-frequency map of the Red Fork
Formation. Different types of geologic structures and different
stages of valley fill, each with its own tuning thickness, give rise
to anomalies at different dominant frequencies. Spectral mag-
nitude and coherence corresponding to those tuned frequencies
provide clearer images.
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Although spectral decomposition reveals more details, it
generates a series of maps or volumes at different frequencies,
which are analyzed one by one or through animation. Blending
of RGB images has long been used to express multiple spec-
tral components in a single image (Balch, 1971). Leppard et al.
(2010) give an exposition on the value of RGB in rendering mul-
tiple spectral images of channels.

We use RGB color-blending technique in Figure 6 to dis-
play the 20-, 35-, and 50-Hz spectral components. As shown in
the RGB color map, if the energies in all three color channels are
at or above the threshold amplitude, the blended color is white,
whereas if the energy of one channel is stronger than the other
two, its color would dominate.

The color changes provide a good deal of new information.
The 20-Hz component is plotted against red and better delin-
eates Stages 11, III, and V. The 35-Hz component is plotted
against green and delineates medium-thickness Stage V chan-
nels. The 50-Hz component is plotted against blue and delin-
eates thinner Stage V channels and part of Stage III.

Compared with the interpretation shown in Figure 3, which
is part of our survey, we can observe that the stages interpreted
in different colors by Peyton et al. (1998) also display in different
colors. Although Stage I is not clearly separated from Stage II
or IIT and the separation cannot be achieved either on single-
frequency slice interpretation such as in Peyton et al. (1998),
other stages and some geologic structures in other parts of the
survey are displayed with different temporal tuning thickness.
Other good methods can analyze variance in tuning thickness,
but none is as easy to create or is used as routinely.

To use spectral decomposition, it is critical to decide, based
on relative amplitudes, which spectral component is a meaning-
ful indicator for a given structure presence. Using animation, we
selected 20, 35, and 50 Hz to compare to Peyton et als (1998)
36-Hz component image in Figure 3.

Next, in Figure 7, we compute coherence from each of these
spectral components, providing a measure of the edges sensitive to
the relative thicknesses of the different stages of valley fill. As to
the principles of RGB color blending mentioned above, because the
coherence attribute defines the value of coherent reflection equals
1 whereas discontinuity displays a value lower than 1, the areas of
white (light gray) are where all three frequency bands are coherent.

On the other hand, the black (dark gray) lines are the chan-
nel boundaries which appear on all the selected frequency com-
ponents. It is interesting that because of the low value of channel
edges on the coherence map, the boundaries of relatively thick
channels showing on lower-frequency components painted red
would appear as cyan after blending, which is the opposite of red
on the RGB chart, but edges of thinner channels in part of Stage
IIT and Stage V appear red or yellow.

Because the channel edges can be characterized by other fre-
quency bands, the channel edges shown in Figure 7 are not as
numerous as those in Figure 2b. In addition, for most of the area
of the image without channel boundaries, the color delegates
the change of coherent energy. For example, the large pink (the
opposite of green) area implies lower coherent energy in the
middle-frequency component.
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Figure 4. A cartoon of thin-bed tuning. (a) In thin reservoirs with
varying thickness, (b) seismic data with higher dominant frequency
would highlight the thinner parts of the reservoir on amplitude maps,
whereas (c) seismic with lower dominant frequency would highlight
the thicker parts on an amplitude map. After Laughlin et al., 2002,
Figure 2. Used by permission.

Figure 5. Dominant (or peak) spectral-frequency image of the Red
Fork horizon, which shows that the target horizon has different
tuning thicknesses. The magnitude of the spectral component is
plotted against a gray scale, thereby modulating the image.

Figure 6. RGB-blended spectral-magnitude components at 20 Hz (in
red), 35 Hz (in green), and 50 Hz (in blue).
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Figure 7. RGB-blended image of coherence corresponding to Figure
6 computed from spectral components at 20 Hz (in red), 35 Hz (in
green), and 50 Hz (in blue).

Figure 8 is an overlay of the RGB-blending map shown in
Figure 7 and the broadband coherence image shown in Fig-
ure 2b. Comparing Figure 8 with Figure 7, we can clearly ob-
serve the advantage brought by spectral component coherences.
Through the colorful-attribute integration image, we are aware
of thickness.

Thus, by more fully using the spectral components (Figure
6) with their corresponding coherence map (Figure 8), stage
identification and valley-fill boundary delineation can be inter-

preted more easily and fully.

Conclusions

Spectral decomposition enhances the response of thin-bed
reflections about the tuning frequency. The interpretation of
incised valley fill can be difficult on conventional amplitude
volumes. By revisiting one of the first data sets analyzed using
spectral decomposition and using more modern RGB display
techniques, we show the improvements in the spectral-decom-
position response of a recent megamerge volume and the ad-
ditional information obtained by computing coherence of the
spectral-component volumes. K
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